Background and PurposezzSecondary stroke prevention guidelines recommend statins for the management of dyslipidemia in ischemic stroke and transient ischemic attack (TIA). This study assessed the guideline-based statin prescription (GBSP) rate in Korea and the associated physician and patient factors.
Introduction
In Korea, stroke is the second leading cause of death after cancer and the first leading cause of death due to a single-organ disease. Every year more than 100000 Korean people experience a new or recurrent stroke, and ischemic stroke accounts for more than 75% of all strokes. 1 One in five ischemic strokes is a recurrent stroke, which usually leads to greater mortality or disability. 2, 3 With the evolution of vascular prevention treatments, recurrent strokes, fatal strokes, and major cardiovascular events in stroke survivors treated using therapies with proven efficacy have substantially declined over the last 5 decades. 4 Statins are one of the therapies with proven efficacy for both primary and secondary stroke prevention, 5, 6 and most guidelines recommend statins for patients with non-cardioembolic ischemic stroke and low-density lipoprotein cholesterol (LDL-C) levels ≥100 mg/dL. However, a lack of familiarity or disagreement with the guidelines among physicians can hamper the appropriate use of statins. In addition, the gap between the physicians' perception and their actual practices may further increase the failure of appropriate dyslipidemia management. 7 In the USA, the number of patients with acute ischemic stroke who were discharged on statins increased between 2005 and 2007, but the rates of discharge statin use varied substantially across hospitals, with 20% of eligible patients not receiving statin medication at discharge. 8 The current Korean stroke guidelines also recommend statins for eligible patients with ischemic stroke or transient ischemic attack (TIA), generally in accordance with the National Cholesterol Education ProgramAdults Treatment Panel III (NCEP-ATP III) guidelines. In brief, the target LDL-C level is <100 mg/dL for patients with atherothrombotic stroke or TIA, or those with coexisting coronary heart disease (CHD), and a more aggressive lowering might be considered for high-risk patients with multiple risk factors. According to a nationwide, hospital-based Korean stroke registry, 22% of patients admitted in 2010 due to acute ischemic stroke or TIA had hypercholesterolemia defined as current use of a lipid-lowering agent, total cholesterol >240 mg/dL, or LDL-C >160 mg/dL. 2 However, the management of dyslipidemia by Korean neurologists has not been systematically investigated. The aim of this study, entitled the ROLL-ERKOST (Real World of Lipid-Lowering Therapy in Korean Stroke Patients), was to elucidate the knowledge of and attitude toward the current guidelines of Korean neurologists, to determine the rate of guideline-based statin prescription (GBSP) at discharge, and to identify the factors of physicians and patients associated with guideline adherence for dyslipidemia management in patients hospitalized with acute ischemic stroke or TIA in Korea.
Methods

Physician survey
Among 86 neurology training hospitals in Korea, we selected 33 centers which actively enroll their patients in the Korean Stroke Registry. 2 The principal investigator (B.-C. Lee) sent an e-mail describing the purpose of this study to the physicians in charge of stroke care in the 33 centers, and received an agreement to participate from 27 centers. A survey was then conducted in which the neurologists (board-certified neurologists and residents) of the 27 centers were directly interviewed with the aid of a structured questionnaire between November 2010 and December 2011. The questionnaire comprised the following four main physician domains: characteristics (5 items), practice pattern of dyslipidemia management (15 items), knowledge of the current dyslipidemia management guidelines (10 items), and attitude toward the current guidelines (21 items) ( Table 1) .
Patient demographics and prescription of a lipid-lowering agent
A retrospective review was undertaken of the medical records of patients with ischemic stroke or TIA who were 1) treated by participating neurologists, 2) hospitalized during the 6 months prior to the survey, and 3) hospitalized within 48 hours from symptom onset. The following data were obtained for each patient: 1) demographics of age, sex, height, weight, abdominal circumference, body mass index (BMI), and blood pressure at admission, 2) past medical history of stroke, CHD, peripheral artery disease, symptomatic carotid artery disease, abdominal aortic aneurysm, or other cardiac disease, 3) vascular risk factors of current or ex-smoker, diabetes, familial history of premature CHD, hypertension, hypercholesterolemia (defined as current use of a lipid-lowering agent, total cholesterol >240 mg/dL, or LDL-C >160 mg/dL), and atrial fibrillation (AF), 4) stroke subtype based on the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification, 5) baseline laboratory data including fasting blood glucose, glycosylated hemoglobin (HbA1c), total cholesterol, triglyceride, LDL-C, and high-density lipoprotein cholesterol (HDL-C), and 6) statin prescription at discharge. This study was approved by the institutional review boards of the 27 participating hospitals.
Outcomes
The primary outcome of interest was the percentage of patients discharged with a GBSP for secondary stroke prevention. Algorithms were developed to determine the GBSP rate, based on the Korean guidelines as well as those of the American Stroke Association/American Heart Association and NCEP-ATP III ( Table 2 ). The GBSP group included patients who were 1) indicated for and received statin therapy and 2) not indicated for and did not receive statin therapy. In contrast, the non-GBSP group included patients who were 1) indicated for but did not receive statin therapy and 2) not indicated for but received statin therapy. To explore whether the physician's knowledge of current Developed to improve quality of care
Developed to cut down healthcare cost
Developed by experts without any bias
Providing expert advice in a convenient way Good educational tool guidelines was associated with the GBSP rate, the knowledge level of each of the participating physicians was quantified using the number of correct responses to ten questions in the physician's knowledge domain (a score of 10 was assigned to each question, so a score of 100 was a perfect score). For analytical purposes, the physicians were then categorized into two groups: 1) the higher-level knowledge group, who achieved a score that was higher than the median value, and 2) a lower-level knowledge group, who achieved a score that was equal to or lower than the median. The physicians' preference for guidelines was calculated by summing the ratings (5 grades) of responses to 21 questions in the physicians' attitude domain. The physicians were then categorized into the higher-and lowerpreference groups (preference of guidelines) according to a median value.
Sample size calculation and power estimation
We assumed that the GBSP rate in the higher-level knowledge group would be 90%, based on a projection from the observation of statin prescription for 4018 patients enrolled in the Clinical Research Center for Stroke Registry (http://www.strokecrc.or.kr/). The GBSP rate in the lower-level knowledge group was assumed to be 87%, which was determined by a consensus among experts. When recruiting the 33 centers that actively enroll their patients in the Korean Stroke Registry, 2 the projected sample size of neurologists was 211, and that of patients admitted during the previous 6 months was 5200. Taking into account a refusal rate of 10-15%, the final projected sample size was 180-190 for neurologists and 4400-4700 for patients. If the ratio of the higher-level knowledge group versus the lower-level knowledge group was 1 : 1, a sample size of 4500 patients could detect the absolute 3% difference with 88% power and 5% alpha error, whereas for a 2 : 1 ratio the power would decrease to 85%.
Statistical analysis
Categorical variables are summarized as frequencies and percentages, while continuous variables are presented as mean± SD values. Variables exhibiting substantial skewing are reported using geometric means and geometric SDs. Among the physician survey responses, data not provided by physicians were treated as missing values. For group comparisons, categorical variables were compared using the chi-square test or Fisher's exact test as appropriate, while continuous variables were compared using Student's t-test. Variables with a substantial skewed distribution were compared using logarithmically transformed values. The Cochran-Armitage test of trend was used to determine whether there was an increasing trend for the GBSP rate relative to the physicians' knowledge scores.
A generalized estimating equation (GEE) model was employed to account for the multilevel structure of the data set, which comprised the physician's level and the associated patient's level variables. The GEE model was used to explore whether the physician's knowledge level and their characteristics were independent factors influencing the GBSP rate, after adjusting for those of the patients. This multivariable analysis included all covariates of the physicians' demographic factors of knowledge level group, age, sex, and stroke subspecialty. Among the patients' factors, covariates with p<0.1 on the comparisons of baseline characteristics between the GBSP group and the non-GBSP group were included, in addition to age. Furthermore, the variable of history of CHD was included; statin therapy is generally recommended for patients with a history of CHD. Since most patients were cared for by both a board-certified neurologist and a resident, the knowledge of the board-certified neurologist was used in the analysis of the association between the physician's knowledge level and their patient's statin prescription status. Where the patient was matched only to a resident (18 out of 4407), the resident's knowledge level was used for that analysis. Statistical analyses were performed using SAS version 9.2 (SAS, Cary, NC, USA). The level of statistical significance was set at p<0.05 (all two-tailed).
Results
Physicians' characteristics
Of the 33 centers contacted, 174 neurologists from 27 centers agreed to participate in this study. The characteristics of the participating neurologists are presented in Table 3 . In brief, 73 (42.0%) were board-certified neurologists, and 66 (37.9%) responded that their subspecialty was stroke. They were aged 33.6±7.1 years, and 49 (28.2%) were female. Among the participating neurologists, 173 (99.4%) responded that they assessed their patients' LDL-C level within 48 hours of hospitalization. The response rates of measuring total cholesterol, HDL-C, and triglyceride levels within 48 hours were greater than 97%. For statin prescription, 167 (96.0%) neurologists chose the LDL-C level as an indicator. For referencing guidelines, 111 (63.8%) used the Korean guidelines and 56 (32.2%) the American Stroke Association guidelines.
The median score for the neurologists' knowledge of the current dyslipidemia management guidelines was 70 (range, 30-100); 79 (45.4%) neurologists were thus categorized into the higher-level knowledge group (achieving a score of >70), and 95 (54.6%) were categorized into the lower-level knowledge group. Those in the higher-level knowledge group were more likely to have a neurology board certification and to use the American Stroke Association guidelines than those in the lower-knowledge group. However, age, sex, stroke subspecialty, lipid assessment within 48 hours of hospitalization, using LDL-C as an indicator, and guideline preference did not differ significantly between the two groups. Geometric mean and SD, and logarithmically transformed values were used to compare the two groups. AF: atrial fibrillation, BMI: body mass index, BP: blood pressure, CE: cardioembolism, CHD: coronary heart disease, DBP: diastolic blood pressure, DM: diabetes mellitus, GBSP: guideline-based statin prescription, HDL-C: high-density lipoprotein cholesterol, LAA: large-artery atherosclerosis, LDL-C: low-density lipoprotein cholesterol, OD: other determined etiology, PAD: peripheral arterial disease, SBP: systolic blood pressure, SVO: small-vessel occlusion, TG: triglyceride, TIA: transient ischemic attack, UD: undetermined etiology.
Patients' characteristics
Of the 4476 eligible patients, 4407 (98.5%) were included in the current analysis; 69 patients were excluded due to lack of a lipid profile (lipid profiles were not available for 82 patients; however, 13 of those patients were registered as having hypercholesterolemia and discharged with a statin, and were thus included and assigned to the GBSP group) ( Table 4 ). The patients were aged 66.4±13.1 years, and 1872 (42.5%) were female. The qualifying event was ischemic stroke in 3993 (90.6%) patients (large-artery atherosclerosis, 32%; cardioembolism, 18.3%; small-vessel occlusion, 20.8%; undetermined etiology, 18.5%; and other determined etiology, 0.9%) and TIA in 414 (9.4%) patients. The following risk factors were noted among the patients: hypertension, 66.9%; diabetes, 33.5%; AF, 17.5%; hypercholesterolemia, 31.0%; current or ex-smoker, 37.4%; CHD, 6.5%; and symptomatic carotid stenosis, 2.7%. Regarding lipid profiles, the levels of LDL-C, total cholesterol, HDL-C, and triglyceride were 110.8±36.7, 174.3±42.8, 44.4±13.2, and 122.6±91.6 mg/dL, respectively.
Statin prescription at discharge
The GBSP rate at discharge among the 4407 patients was 78.6% (Table 4) . Of the 2528 patients treated by the higherlevel knowledge group, 2062 (81.6%) were on GBSP at discharge. In contrast, of the 1879 patients managed by the lower-level knowledge group, 1403 (74.7%) were on GBSP at discharge. The proportion of patients with a GBSP differed significantly between the higher-and lower-level knowledge groups (p<0.0001). In addition, the proportion of patients with a GBSP increased significantly with increasing physicians' knowledge (p<0.0001 for Cochran-Armitage's chi-square trend test) (Fig. 1) .
On univariable analyses, patients in the GBSP group were more likely to have higher systolic and diastolic blood pressure, higher levels of LDL-C, total cholesterol, triglyceride, glucose, and HbA1c, higher frequencies of diabetes, dyslipidemia, and smoking, lower frequencies of AF and other cardiac disease, and (for TOAST classification) higher frequencies of large-artery atherosclerosis, small-vessel occlusion, and undetermined etiology due to having two or more etiologies, and lower frequencies of cardioembolism, undetermined etiology due to negative or incomplete work-up, other determined etiology, and TIA. The rate of overall statin prescription at discharge was 76.6%, and was higher in the GBSP group than in the non-GBSP group (78.4% vs. 69.8%; p<0.0001).
Factors independently associated with GBSP rate are presented in Table 5 . The current multivariable model included covariates of the physician factors of knowledge level, age, sex, and stroke subspecialty and the patient factors of age, BMI, TOAST classification, diabetes, CHD, AF, dyslipidemia, other cardiac disease, smoking, blood pressure, and levels of LDL-C, triglyceride, total cholesterol, glucose, and HbA1c. The higher-level knowledge group, hypercholesterolemia, and LDL-C level were independently associated with GBSP rate. In contrast, stroke mechanisms of cardioembolism and undetermined etiology due to negative or incomplete work-up, and other determined etiology, and presentation with TIA were independent factors that were negatively associated with GBSP rate.
Analysis of statin prescription instead of GBSP at discharge revealed that the rates of statin prescription at discharge were 77.7% and 75.5% among patients treated by the higher-and lower-knowledge level groups, respectively; the difference was significant on univariable analysis, [unadjusted odds ratio (OR)=1.161, 95% confidence interval (CI)=1.01-1.34; p= 0.037]. On multivariable analysis, in contrast to the association between physician's knowledge level and GBSP, the higher-level knowledge group was not independently associated with statin prescription at discharge (adjusted OR=0.99, 95% CI=0.36-2.74; p=0.992).
Discussion
The GBSP rate at discharge among patients with acute ischemic stroke or TIA was 78.6% in this study, which suggests that Korean neurologists are generally familiar with and adhere to guidelines in clinical practice. The higher percentages of lipid profile assessment, recognition of LDL-C level as an indicator for statin therapy, and referencing the dyslipidemia management guidelines of the Korean or American Stroke Association in their clinical practice would support the relevance of the current findings. However, given that at least one in five patients was discharged without a GBSP, there remains room for improvement.
It is noteworthy that neurologists with a higher knowledge level were more likely to adhere to GBSP. The absolute difference in the proportion of patients on a GBSP between the higher-and lower-knowledge level groups was 6.9%, and the difference was significant in both the adjusted and unadjusted analyses. The significance of the increased GBSP rate with higher levels of physician's knowledge (Fig. 1) would further support the robustness of the finding. It is assumed -but has not been well demonstrated -that the knowledge level of a neurologist is associated with the adherence to guidelines in clinical practice. A previous study from the USA analyzing data of patients enrolled in the Get With The GuidelinesStroke participating hospitals found that the rate of statin prescription at discharge among hospitalized patients with ischemic stroke or TIA increased over time between 2005 and 2007, 8 which coincided with a period of dissemination of the results of the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial and secondary stroke prevention guidelines. 5, 9 The physician's increased familiarity with and improved knowledge of the guidelines might account for this improvement, but that study did not directly demonstrate an association between neurologists' knowledge and statin use. In the secondary prevention of CHD, physicians having knowledge of guidelines were more likely to initiate lipid-lowering treatment and to comply with an overall measure of guideline adherence. 10 Another study also showed that a physician's lack of familiarity with and knowledge of guidelines were identified as important barriers to an appropriate management of dyslipidemia. 11 Regarding the management of blood pressure, physicians familiar with the Joint National Committee guidelines were more likely to recognize the blood pressure threshold for initiating blood-pressure-lowering therapy as recommended in the guidelines. 12 In accord with these previous findings, our results suggest that educating physicians is essential to implement therapies with proven efficacy into clinical practice for secondary stroke prevention. Case-based learning would help to enhance the knowledge of guideline-based dyslipidemia management among neurologists, as shown by a cardiology study that demonstrated an improvement in physicians' knowledge of NCEP-ATP III guidelines after a validated case-based interactive educational program. 13 In the present study, patients presenting with TIA were less likely to receive a GBSP, which has also been reported previously. 8 In addition to the presentation with TIA, stroke mechanisms of cardioembolism, undetermined etiology due to negative or incomplete work-up, and other determined etiology were associated with a lower GBSP rate. However, many of these patients are likely to be at high risk of coronary event or nonstroke vascular death. A meta-analysis showed that the annual risks of nonstroke vascular death and myocardial infarction among stroke survivors were 2.1% and 2.2%, respectively. 14 Another study found that the 5-year risk of cardiac death was twice that of fatal recurrent stroke. 15 In the SPARCL trial, the relative risk reduction with statin treatment was greater for any coronary event and major coronary event than for recurrent stroke. 5 Therefore, neurologists should also take into account events in vascular beds other than the cerebrovascular bed when performing the long-term management of stroke survivors. This study has several limitations. The physicians were affiliated with and patients were enrolled from neurology training hospitals, which would limit the generalizability of the findings. The observational design of this study made it impossible to adjust for unmeasured confounders. The current GBSP rate defined by our algorithms does not necessarily indicate the appropriateness of statin therapy. Physicians may prescribe statin to some patients who had LDL-C <100 mg/dL but had a significant stenosis in cerebrovascular or other vascular beds. However, the mechanical algorithms used herein could not fully reflect these kinds of deliberate considerations by physicians. Finally, rather than a discharge statin prescription rate, the rate of target LDL-C goal achievement would be more clinically important, but it was not possible to assess the latter in the present study. Analysis of target LDL-C goal achievement in patients with ischemic stroke or TIA would be of great interest as a topic of future study. However, hospitalization due to stroke or TIA would be a good opportunity to initiate statin treatment and to increase patient adherence. Therefore, the status of discharge statin prescription per se is worthy of investigation.
Conflicts of Interest
The authors have no financial conflicts of interest.
